Hypertension is progressively affecting the pediatric age group, raising the need for additional efforts to prevent such risk factor in this population. 1,2 A recent guideline 3 established that adolescents ≥13 years of age with systolic blood pressure (SBP) above 120 mm Hg or diastolic blood pressure (DBP) above 80 mm Hg are considered to have blood pressure (BP) disorders, which include elevated BP (formerly termed "prehypertension") and hypertension. However, in children <13 years of age, those thresholds vary according to individuals ' age, sex, and height. 3 This nuance makes the diagnosis of BP disorders more challenging in the pediatric age group, requiring the constant analysis of charts and tables of percentiles for correct diagnosis. Moreover, this diagnostic approach is pointed out as a major reason for the underdiagnosis of BP disorders in this population. 4 Some methods have been described to simplify the diagnosis of BP disorders in the pediatric population. 5 They include the use of simplified tables, 6,7 cutoffs determined by the ratio between BP and height, 8, 9 equations to determinate the maximum normal BP value per patient, 10,11 and simplified BP cutoffs. 12 However, each method has specific disadvantages. Simplified tables require the use of the table itself, while cutoffs determined by BP-to-height ratio may vary among different populations and genders. BP equations, in turn, have shown lower sensitivity and specificity when compared with other screening methods. 13 One potential explanation for the lower accuracy of BP equations to detect BP disorders may be the choice of the adjusting variable included in the formulae. BP equations built to date are based on regression analyses using age as the main adjusting variable. 10,11 Interestingly, alternative methods that use height as the main adjusting variable have consistently shown good accuracy, 13 raising the hypothesis that including height into BP equations might improve the detection of BP disorders. Additionally, recent guideline 3 recommendations changed the values of BP percentiles for children, thus invalidating the cutoffs obtained from the aforementioned methods [8] [9] [10] [11] BACKGROUND High blood pressure (BP) is usually underdiagnosed in children and adolescents, particularly due to its complex diagnosis process. This study describes novel height-based equations for the detection of BP disorders (BP > 90th percentile) and compares the accuracy of this approach with previously described screening methods to identify BP disorders.
Hypertension is progressively affecting the pediatric age group, raising the need for additional efforts to prevent such risk factor in this population. 1, 2 A recent guideline 3 established that adolescents ≥13 years of age with systolic blood pressure (SBP) above 120 mm Hg or diastolic blood pressure (DBP) above 80 mm Hg are considered to have blood pressure (BP) disorders, which include elevated BP (formerly termed "prehypertension") and hypertension. However, in children <13 years of age, those thresholds vary according to individuals' age, sex, and height. 3 This nuance makes the diagnosis of BP disorders more challenging in the pediatric age group, requiring the constant analysis of charts and tables of percentiles for correct diagnosis. Moreover, this diagnostic approach is pointed out as a major reason for the underdiagnosis of BP disorders in this population. 4 Some methods have been described to simplify the diagnosis of BP disorders in the pediatric population. 5 They include the use of simplified tables, 6, 7 cutoffs determined by the ratio between BP and height, 8, 9 equations to determinate the maximum normal BP value per patient, 10, 11 and simplified BP cutoffs. 12 However, each method has specific disadvantages. Simplified tables require the use of the table itself, while cutoffs determined by BP-to-height ratio may vary among different populations and genders. BP equations, in turn, have shown lower sensitivity and specificity when compared with other screening methods. 13 One potential explanation for the lower accuracy of BP equations to detect BP disorders may be the choice of the adjusting variable included in the formulae. BP equations built to date are based on regression analyses using age as the main adjusting variable. 10, 11 Interestingly, alternative methods that use height as the main adjusting variable have consistently shown good accuracy, 13 raising the hypothesis that including height into BP equations might improve the detection of BP disorders. Additionally, recent guideline 3 recommendations changed the values of BP percentiles for children, thus invalidating the cutoffs obtained from the aforementioned methods [8] [9] [10] [11] and supporting the need of novel analysis using data from current guidelines aiming to facilitate the diagnosis of BP disorders. The objective of this study is to describe simple height-based equations built from current guideline data 3 for the detection of BP disorders and compare the accuracy of this new methodology with previously described methods in 2 different populations.
METHODS

Study populations
Study population 1 was retrospectively obtained from a medical database including 17,083 children and adolescents evaluated in a pediatric cardiology center from northeast Brazil. 14 Only individuals with age between 8 and 13 years old who had complete information on height, weight, sex, SBP, and DBP were included, leaving 2,936 subjects for the current analysis.
Study population 2 included subjects from the National Health and Nutrition Examination Survey (NHANES) 1999-2014 database. The details of this survey have been described elsewhere. 15 Only subjects with age between 8 (only patients with 8 years or more had their BP measured) and 13 years old and with complete information on height, weight, sex, SBP, and DBP were included, leaving 6,541 subjects for the current analysis.
Clinical variables
BP, height, and weight measurements from study population 1 were performed as previously described. 14 Briefly, BP was measured by the auscultatory method using aneroid sphygmomanometers (BIC, Itupeva, Brazil), and appropriate cuffs' size for the age. Height was measured using a stadiometer (Caumaq 101PL, Cachoeira do Sul, Brazil), and weight was measured using an electronic scale (Black&Decker BK30, Shandong, China). The methods of BP measurement in study population 2 were described elsewhere. 16 Briefly, BP was measured using mercury sphygmomanometers following recommendations from the American Heart Association, while height and weight were measured according to NHANES Anthropometry Procedures Manual. 17 This study only considered the first BP measurement in the analysis.
BP disorder was defined as a value of SBP or DBP > 90th percentile, thus including BP levels > 90th percentile and < 95th percentile (elevated BP) and BP levels ≥ 95th percentile (hypertension).
Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ). Overweight was defined as a BMI between the 85th and 95th percentiles, and obesity was defined as a BMI greater than or equal to the 95th percentile according to CDC. 18 
Construction of BP equations
For the main analysis, we built height-based equations using the 90th percentiles values for SBP and DBP and respective height values from the current guideline of management of high BP in children and adolescents. 3 Height-based equations were constructed from linear regression relating SBP and DBP with height and used combined data from both boys and girls. Later, a mountain plot was created by computing a percentile for each ranked difference between the results of the new formulae and the 90th percentile of SBP and DBP by height, gender, and age reported in the current guideline. 3 For sensitivity analysis, we used the same approach to construct alternative BP equations using the 95th percentiles values for SBP and DBP from the current guideline. 3 For secondary analysis, we used the same approach to construct BP equations using the 90th percentiles values for SBP and DBP and height values from the previous guideline (The Fourth Report), 19 instead of the current guideline. 3 The construction of BP equations using data from the previous guideline was performed to allow the comparison of height-based BP equations with additional BP disorder screening methods 6, 7, 10, 20 described before the release of current guideline.
Statistical analysis
Descriptive data are presented as mean ± SD. Chi-square method was used to compare categorical variables. Each screening method was compared with the gold standard method for identification of BP disorders, which was based on the definitions of the current guideline 3 for the main analysis or on the definitions of the previous guideline (The Fourth Report) 19 for secondary analysis. The sensitivity, specificity, area under curve (AUC), positive predictive value (PPV), and negative predictive value (NPV) for each method were calculated in both populations. The agreement between each method and the respective gold standard method was calculated using the kappa coefficient and the strength of agreement categorized as poor (kappa < 0.20), fair (kappa between 0.21 and 0.40), moderate (kappa between 0.41 and 0.60), good (kappa between 0.61 and 0.80), and very good (kappa between 0.81 and 1.00). 21 In the main analysis, we compared the performance of BP equations and other screening methods to detect BP disorders defined according to the current guideline. 3 The other screening methods included (i) the new screening table described in the current clinical practice guideline (CPG table), 3 (ii) the simplified cutoffs described by Xi et al. 12 (SBP ≥ 110 mm Hg and/or DBP ≥ 70 mm Hg for children between 6 and 11 years and SBP ≥ 120 mm Hg and/or DBP ≥ 80 mm Hg for adolescents aged 12-17 years), and (iii) the BP-to-height ratio cutoffs. 20 Regarding the latter method, we calculated new cutoffs for BP disorders with receiver operating characteristic (ROC) curves, using the current guideline as the gold standard (Supplementary Table 1) . As a sensitivity analysis, we built alternative height-based equations aiming to identify hypertension (SBP or DBP ≥ 95th percentile) and compared their performance with 2 other screening methods: (i) BP-to-height ratio, with new calculated cutoffs for hypertension for both populations utilizing ROC curves (Supplementary Table 2 ) and (ii) the simplified cutoffs 12 for hypertension (SBP ≥ 120 mm Hg and/ or DBP ≥ 80 mm Hg for children between 6 and 11 years and SBP ≥ 130 mm Hg and/or DBP ≥ 85 mm Hg for adolescents aged 12-17 years).
In secondary analysis, we compared the performance of BP equations (built using data from the previous guidelineThe Fourth Report), 19 with the table proposed by Kaelber et al., 6 the simplified cutoffs, 12 and the BP-to-height ratio cutoffs to detect BP disorders defined according to the previous guideline. 19 In addition, we evaluated the performance of the table proposed by Mitchell et al. 7 and the equations described by Badeli et al., 10 which were built solely using data from the previous guideline. Regarding the BP-to-height method, we used cutoffs that were previously reported for population 1 14 (Supplementary Table 3 ). Although cutoffs were previously described for population 2 22 , there were differences in patients' selection in that aforementioned study in comparison with the present report. Therefore, we calculated new cutoffs for BP disorders for population 2 using ROC curves (Supplementary Table 4 ). Other studied methods are detailed in Supplementary Tables 5-7 .
P values < 0.05 were considered statistically significant. All analyses were performed using MedCalc 17.4 (Ostend, Belgium). Table 1 describes the characteristics of the studied populations. BP disorders, determined according to the current guideline definitions, 3 were present in 13% of the American population and 14% of the Brazilian population. Overweight and obesity were present in 42.7 and 37.5% of American and Brazilian individuals, respectively.
RESULTS
Height-based equations obtained from the current guideline to detect BP disorders (BP > 90th percentile)
The results of linear regression models relating the 90th percentiles values for SBP or DBP and respective height values from the current guideline 3 are shown in Figure 1 . The constant and the coefficient obtained for height were rounded to values that are easier to remember and within the confidence intervals. Therefore, the following equations for the lowest values of elevated BP (90th percentile) were obtained:
• SBP 90th = 70 + 0.3 × height (in cm) • DBP 90th = 35 + 0.25 × height (in cm) Figure 2 shows the Mountain plots for the difference between the 90th percentile for SBP or DBP values derived from the current guideline 3 and obtained SBP or DBP values from the formulae in children between 8 and 13 years. The maximum difference between the formulae and the gold standard method BP values was approximately 3 mm Hg for SBP and 6 mm Hg for DBP. Table 2 shows the results of sensitivity, specificity, AUC, PPV, and NPV, as well as kappa coefficients for the studied methods to detect BP disorders according to the gold standard method (current guideline definition). 3 All studied methods had great sensitivity and NPV in both populations. In particular, the sensitivity and NPV of height-based equations were 100%. In both populations, height-based equations had greater specificity, AUC, and PPV than the CPG table, simplified cutoffs, and BP-to-height cutoffs. In American individuals, height-based equations showed a very good agreement with the gold standard method to detect BP disorders (kappa coefficient = 0.80), while the kappa coefficients for the other studied methods were remarkably lower (from 0.53 to 0.61). In Brazilian individuals, height-based equations showed good agreement for height-based equations (kappa coefficient = 0.75), slightly better than the CPG table (kappa coefficient = 0.73).
Height-based equations obtained from the current guideline to detect hypertension (BP ≥ 95th percentile)
As a sensitivity analysis, we built the following heightbased equations (detailed in Supplementary Figures 1 and 2 ) to identify hypertension using the 95th percentiles values for SBP or DBP and respective height values from the current guideline 3 :
• SBP 90th = 75 + 0.3 × height (in cm) • DBP 90th = 40 + 0.25 × height (in cm)
The results of sensitivity, specificity, AUC, PPV, NPV, and kappa coefficient for height-based equations, simplified cutoffs, and BP-to-height cutoffs to detect hypertension (BP ≥ 95th percentile) using the current guideline 3 as the gold standard are shown in Table 3 . The kappa coefficient of heightbased equations with the gold standard method was 0.92 and 0.89 in the Brazilian and American populations, respectively, while the other methods had inferior agreement with the gold standard.
Height-based equations obtained from the previous guideline to detect BP disorders (BP > 90th percentile)
As a secondary analysis, we built height-based equations to detect BP disorders (BP > 90th percentile) using data from the previous guideline (The Fourth Report) 19 : • SBP 90th = 70 + 0.33 × height (in cm) • DBP 90th = 40 + 0.25 × height (in cm) Table 4 shows the results of sensitivity, specificity, AUC, PPV, NPV, and kappa coefficient for several methods to detect BP disorders using the previous guideline 19 as the gold standard. All studied methods showed great sensitivity and NPV, but height-based equations showed greater specificity, PPV, and AUC in both populations. The agreement of height-based equations with the previous guideline (kappa coefficient) was very good, while the other methods had remarkably lesser agreement with the gold standard method in both populations.
DISCUSSION
In this study, we described simple height-based equations as screening methods to identify BP disorders (BP > 90th percentile) and compared the ability of this novel approach and previously reported screening methods to detect BP disorders in large samples of American and Brazilian children. Our analysis highlights that height-based equations consistently showed superior ability to detect high BP and hypertension, as reflected by higher specificity, PPV, and AUC, and greater agreement with the gold standard method when compared to several other screening methods. These findings suggest that height-based equations may be a simple and feasible approach to improve the detection of high BP in children.
The detection of BP disorders in children has classically required the joint analysis of various tables and charts, which is considered a major reason for the underdiagnosis of these conditions in the pediatric population. 4, 23 Although the current guideline 3 establishes that adolescents (13 years or more) with SBP above 120 mm Hg or DBP above 80 mm Hg are considered to have elevated BP, the use of tables and charts are still necessary to detect elevated BP levels in children below 13 years. In this report, we described simple height-based equations to determine the 90th percentile of SBP and DBP according to the most recent guideline. 3 Then, we compared the performance of these new formulae with other methods (CPG table, 3 simplified cutoffs, 12 and BP-toheight cutoffs 20 ) to detect BP disorders in American and Brazilian children ranging from 8 to 13 years. Our analysis showed that all studied methods had high sensitivity and NPV. However, height-based equations showed higher PPV as well as higher specificity and AUC. These findings are significant because a higher PPV leads to a better identification of children with high BP. More importantly, novel heightbased equations had high agreement with the gold standard method (kappa coefficients ranging from 0.75 to 0.81), which was greater than those observed from other methods. Likewise, results of sensitivity analysis demonstrated that alternative height-based equations aiming to detect hypertension (BP ≥ 95th percentile), instead of BP disorders, showed remarkably better performance as compared to other screening methods designed to detect hypertension. However, the novel height-based equations showed a lower sensitivity to identify hypertension than BP-to-height ratio, particularly in the American population, despite the better agreement with the gold standard. Therefore, in a scenario where the purpose is not missing patients with hypertension, the 95th percentile height-based equations might not necessarily be the best method.
Height-based equations may offer some practical advantages when compared with previously reported BP screening tools. First, they do not require the use of additional tables, as proposed by other methods. 5 Second, they can be uniformly used across different populations, which is not applicable to the BP-to-height ratio method, due to the variety of the cutoffs obtained in different studies. 8, 9, 14, 20, 24, 25 Third, our height-based equations were built using data from current guidelines, 3 while most of the available screening methods were built using data from the previous guideline. 19 Given that the current guideline excluded overweight and obese patients from normative BP tables, 3, 26 several screening methods reported hitherto 7, 11, 20 may have become inappropriate to detect BP disorders. Fourth, height-based equations are simple, easy to memorize and do not vary according to age and gender, thus differing from other methods. 4, 7 These facts, along with the high sensitivity and a greater PPV compared with the other methods, suggest that height-based equations may be an easy and reliable tool to not only for screening but also for identifying children with BP disorders. At a first glance, the new equations described herein may appear as variants of Badeli et al.'s equations, 10 which were built from regression analysis of 90th BP percentile values according to age. However, our equations were based on height, instead of age. This is an important difference because BP values have been demonstrated to vary more with height than with age. 27 Furthermore, the Badeli et al.'s equations were built according to the 50th percentile for height, 10 with consequent lower performance at the extremes of height. 10, 11 To compare the ability of our height-based equations and age-based equations reported by Badeli et al. to detect BP disorders, we performed secondary analysis considering data from the previous guideline 19 as the gold standard method as well as the template to build the formulae. The previous guideline was used in such analysis because the equations reported by Badeli et al. have not been updated to the current guideline. 3 Our results demonstrated that the accuracy of height-based equations to detect BP disorders was greater than that of age-based equations, strengthening the notion that screening methods based on height instead of age may have greater ability to detect BP disorders in children. Notably, height-based equations showed remarkably higher agreement with the gold standard method (kappa coefficient = 0.90 and 0.92 in the Brazilian and American population, respectively), than age-based equations (kappa coefficient = 0.64 and 0.40 in the Brazilian and American population, respectively). Furthermore, the accuracy of height-based equations was greater than several other studied screening methods that used the previous guideline as the gold standard method, demonstrating the superior ability of height-based equations to detect BP disorders regardless of the guideline used to define BP alterations. The idea that screening methods based on height might have better ability to identify children with actual high BP has also been supported by other studies. For instance, the comparison of 11 screening methods for the diagnosis of hypertension in children 13 showed that methods based on height, particularly the table proposed by Chiolero et al., 28 had not only great screening ability, as reflected by high sensitivity and NPV, but also better PPV and therefore superior performance to identify patients with high BP.
This study has some limitations. First, data from population 1 were based on retrospective analysis of patients' charts, while a prospective design would have been more appropriate to obtain the data. Second, we used only one BP measurement from each studied subject, which might have overestimated the prevalence of BP disorders in the studied populations, given that an increasing number of measurements tends to reduce the obtained BP of children. 29 We believe, however, that this fact is not a significant limitation to our study, because our aim was to evaluate the performance of height-based equations for the identification of BP disorders, and not to establish a precise prevalence of BP disorders in the studied populations. Third, we only used information from Brazilian and American children. Thus, it is necessary to confirm the current findings in other populations.
In conclusion, our analysis showed that height-based equations have high sensitivity and NPV as well as great agreement with the gold standard method to detect BP disorders in American and Brazilian children. In addition, height-based equations showed superior ability to detect BP disorders and greater agreement with the gold standard method. These findings suggest that the use of height-based equations may be a simple and feasible approach to improve the detection of BP disorders in children.
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